Sethoxydim not only blocks leaf growth and developm ent of barley seedlings but also inhibits chloroplast biogenesis at all stages of development from proplastids to prochloroplasts, young and mature chloroplasts. Not only thylakoid synthesis, thylakoid multiplication and grana for mation are affected, but also chloroplast replication. The chloroplasts o f secondary leaves which before the sethoxydim application are in the stage o f young, developing chloroplasts, remain in this differentiation stage when treated with sethoxydim. With their "ultrastructural characteristics (e.g. lower stacking degree, higher proportion o f exposed mem branes, a lower thylakoid frequency etc.) they resemble sun-type chloroplasts. In the shoot meristem sethoxydim-treated plants contain only proplastids, whereas the plastids in the shoot meristem o f control plants are already in the developmental stage between prochloroplasts to young chloroplasts. Mesophyll cells o f sethoxydim-treated plants contain only one third of the chloroplasts found in the controls.
M aterials and M ethods
Barley seedlings (Hordeum vulgare L. cv. Breuns Villa) were g erm in ated for 3 days in the dark then placed in a d ay -n ig h t rhythm (14 h H -10 h) and grown (22 °C, 65% relative h um idity) at a m edium light intensity o f 20 W -m ' 2 (~ 6 klux). O n the 8 th day the plants w ere sprayed w ith sethoxydim in a dose o f 300 g • h a ' 1, w hich co rresponds to spraying an area o f 500 cm 2 w ith 10 ml o f a ca. 4.4 X 10-4 m sethoxydim solution.
On day 11 le a f segm ents w ere infiltrated and fixed in a buffered 5% g lu tard iald eh y d e (pH 7.4) at 4°C , postfixed in 2% 0 s 0 4 and further p rep a re d for the electron-m icroscope investigation as described [5] . Poststaining w ith 10% uranyl acetate and lead citrate was applied [6 ] , The biom etrical analyses (Table 1) 
Results and D iscussion
The developm ent o f the le a f b lade o f the second ary leaf o f 8 day old barley seedlings is blocked by spraying o f the plants w ith sethoxydim . This refers to growth in length an d in w idth o f the le a f blade (Fig. 2) . There is little effect on the prim ary leaf, w hich at the tim e o f herbicide trea tm e n t had Since ad u lt green leaf cells contain a m uch higher n u m b er o f chloroplasts per cell th an the younger, m ore m eristem atic cells [7] , o n e can expect in this youngest p art o f the leaf b lad e (2 nd leaf) not only d evelopm ental ch loroplast stages b e tw een proplastids to young chloroplasts, b u t also a significantly low er n u m b e r o f plastids (ch lo ro plasts) per cell. In ord er to study th e effect o f sethoxydim on chloroplast d evelopm ent we a n a l ysed the leaf m esophyll cells in the top, m id d le an d low er region o f the second le af blade.
In the control plants the chloroplasts from the upper, m iddle and low er p art o f the second le af blade on 11 d ay old barley seedlings show ed a sim ilar ultrastructure w ith well developed strom a and grana thylakoids o f m atu re chloroplasts (Fig. 3) . The leaf tip (2nd leaf) o f the seth o x y d im -treated plants did not show any difference to those o f control plants. The m iddle and low er p arts o f the leaf blade (2 nd leaf), how ever, co n tain ed ch lo ro plasts which w ere not elongated as in controls b u t rou n d ed off (Fig. 3 b) . They also show ed a low er thylakoid frequency (|im thylakoids p er 10 ^m 2 chloroplast section), a low er stacking degree o f thylakoids, as well as a low er w idth an d height o f grana stacks. This was as expected m ore p ro nounced in the younger, low er p art o f the leaf blade than in the m iddle region (Table 1) .
These results clearly show th at the final stages o f chloroplast differentiation are blocked by sethoxy dim . Sim ilar differences in chloroplast u ltrastru c ture betw een control and seth o x y d im -treated plants Fig. 3 . Chloroplasts of the secondary leaf (lower region) from 11 day old barley seedlings a) controls and b) three days after treatm ent with sethoxydim. P = plastoglobuli; st = starch; bar = 0.5 (.im. (Fig. 5) . As co m pared to control plants in the average only one third o f the chloroplast num bers per sectioned le a f cell are detected. In control plants sim ilary sm all n um bers o f chloroplasts are found only in the still grow ing zones o f the devel oping tertiary leaf. These results thus dem o n strate that sethoxydim not only blocks chloroplast dif ferentiation, but also chloroplast division. This also explains the larger average volum e o f the ch lo ro plasts from the second le af o f sethoxydim -treated plants (Table I ). In contrast, the chloroplasts o f control plants, w hich undergo chloroplast division, possess a sm aller volum e.
Since sethoxydim absorbed by the leaves is also rapidly translocated to the shoot apex, we studied its effect on plastid developm ent in the m eristem atic regions behind the apex o f barley seedlings. In control plants one finds there transitional stages betw een proplastids an d y oung chloroplasts w hich we have term ed pro-chloroplasts (Fig. 6 ). They are characterized by vesicles and p ro tu b u la r structures In the sethoxydim -treated plants the m eristem atic regions next to the shoot apex do not contain any o f these transitional stages in chloroplast developm ent. O nly proplastid stages are found (Fig. 7) . This d e m onstrates th at sethoxydim not only blocks ch lo ro plast replication and the final stages o f ch loroplast differentiation, b u t also the early steps o f plastid and chloroplast d evelopm ent at the prochloroplast.
C oncerning the u ltrastru ctu re o f m ito ch o n d ria there ap p e ar to be no differences betw een control and herb icid e-treated plants. The process o f p h o to synthesis is also not affected by sethoxydim as has Fig. 7 . Proplastids from the shoot meristem of 11 day old barley seedlings three days after sethoxydim treatm ent. M = mi tochondrion; bar = 0.5 i^m. 
